Background In health state valuation studies, health states are typically presented as a series of sentences, each describing a health dimension and severity 'level'. Differences in the severity levels can be subtle, and confusion about which is 'worse' can lead to logically inconsistent valuation data. A solution could be to mimic the way patients self-report health, where the ordinal structure of levels is clear. We develop and test the feasibility of presenting EQ-5D-5L health states in the 'context' of the entire EQ-5D-5L descriptive system. Methods An online two-arm discrete choice experiment was conducted in the UK (n = 993). Respondents were randomly allocated to a control (standard presentation) or 'context' arm. Each respondent completed 16 paired comparison tasks and feedback questions about the tasks. Differences across arms were assessed using regression analyses. Results Presenting health states 'in context' can significantly reduce the selection of logically dominated health states, particularly for labels 'severe' and 'extreme' (v 2 = 46.02, p \ 0.001). Preferences differ significantly between arms (likelihood ratio statistic = 42.00, p \ 0.05). Comparing conditional logit modeling results, coefficients are ordered as expected for both arms, but the magnitude of decrements between levels is larger for the context arm.
Introduction
Preference-based measures of health such as the EQ-5D requires numeric values to be assigned to the health states they describe in order to facilitate their use in economic evaluation. In EQ-5D valuation studies, health states are presented as five sentences, each describing a dimension and severity level. In valuation studies applying the discrete choice experiment (DCE) method, for example, respondents are typically presented with pairs of health states, with both states presented in this way [1, 2] . Health states have been presented in this manner in all types of valuation tasks, including visual analogue scale (VAS), time trade-off (TTO) [3] , DCE, and standard gamble [4] . This generally appeared to be non-problematic for the three-level version of EQ-5D, where health states are described in terms of three levels-no, some or extreme problems-and the resulting coefficients used to derive value sets were generally ordered as expected.
However, the valuation of the five-level version of the EQ-5D (EQ-5D-5L) may have increased the difficulty for respondents [5] . In part, this is simply because there are more items of information to remember and compare, and the differences between the levels are more subtle, potentially making it harder to differentiate between and evaluate health states. In qualitative research carried out by Mulhern et al. [6] , the (English language) labels used for levels 4 and 5 on some dimensions-'severe' and 'extreme'-were identified as problematic by respondents, some of whom stated that they could not tell which was meant to be 'worse'. Evidence of 'preference inversions' (following Craig et al. [7] , we use this term to describe a situation where observed preferences contradict with the intended ordering of item labels) between the severe and extreme labels-used to describe levels 4 and 5, respectively, for the pain/discomfort and anxiety/depression dimensions-has also been reported in the United States by Craig et al. [7] , in Brazil by Santos et al. [8] , and in Australia by Norman et al. [9] . This issue may be languagespecific; whilst problems have been identified for English and Portuguese versions, we are not aware of evidence of similar preference inversions for other languages.
Preference inversions may be caused by respondent error. They may also be caused by respondents interpreting the labels in ways that are different from what the instrument developers had in mind. One potential avenue of research would be to extend the response scaling and validity testing work that underpinned the selection and phrasing of severity labels in the EQ-5D-5L instrumentfor example, by using a larger, more representative sample than that used by Herdman et al. [5] . Another avenue of research would be to explore ways of presenting health states in a different way, so as to help respondents distinguish between the levels as intended. This paper focuses on the latter approach.
Ambiguity in the interpretation of labels is less likely to arise when patients describe their own health on the EQ-5D-5L (or indeed any other similar instrument). When completing the self-report EQ-5D-5L questionnaire, the ordinal structure of levels 1-5 is clear: patients see all five levels and labels for each dimension and select those that best describe their own health. In doing so, they respond to the ordinal structure of the levels described.
The purpose of an EQ-5D-5L value set is to summarize general-public preferences for health states that could be experienced by patients. A value (or utility), in the form of a single number, is thereby ascribed to patients' responses to the EQ-5D-5L questionnaire. In our opinion, the way in which health states are described and displayed in valuation studies should be as similar as possible to the way in which patients see these health states when self-reporting their own health, to ensure that the health state being valued is as similar as possible to the one that is being described. This could be achieved by changing the way in which health states are presented to respondents in valuation studies. When asked to evaluate health states, it would be possible to present health states in the context of the entire EQ-5D-5L descriptive system, rather than as a series of five sentences.
There are three potential advantages to this approach. First, it may help respondents to understand how good or bad health states are in relation to others that can be described by the EQ-5D-5L, removing uncertainty and potential error about the meaning of the labels (the words used to describe a level). Second, by helping respondents to more readily 'see' and understand the health state, they may be better able to focus on the task of evaluating it, and to compare the levels. Third, the health state being valued is presented in the same format that patients use to describe their own health, so patients (when self-reporting) and general public respondents (when valuing) are encountering similar stimuli when evaluating the dimensions and levels, and are therefore referring to a similar concept (albeit that patients are considering their own situation whereas the general population are imagining hypothetical health states that may be very different to their own health). Although valuing health states in the context of the entire descriptive system may therefore have advantages, the approach has not previously been used in valuing EQ-5D states (or, to our knowledge, in the valuation of any other preference-based measure). Including the entire descriptive system may make the choice task presentation more complicated than is desirable, so it is important to test the feasibility of such an approach.
The aims of this study are to (1) test the feasibility of displaying EQ-5D-5L health states in the context of the entire descriptive system in a web-based DCE valuation study, and (2) gauge whether presenting the health states 'in context' leads to differences in DCE valuation data (e.g., the number of correctly ordered coefficients and logically inconsistent responses) compared with the data generated using the standard presentation.
Methods

Development of 'context' display
The 'control' display was designed to mimic the format used by the EuroQol Group in its international EQ-5D-5L valuation protocol (often referred to as the EQ-VT protocol; see [10] ). Respondents are presented with two health states and asked ''which is better?'' 1 A screen shot of an example task in the control arm is presented in Fig. 1 .
We informally piloted various DCE display options for the context arm using a convenience sample of friends and family members of the authors. Our final selection, displayed in Fig. 2 , was selected based on it being the closest to the patients' self-report format for the EQ-5D-5L, which was an important objective for the study. As viewing the tasks on smaller devices (such as smartphones and tablets) was found to be problematic for both control and context displays, we restricted survey access to desktop and laptop users only.
Study design
Respondents were randomly allocated to one of two study arms.
• Arm 1 (control): standard display-see Fig. 1 .
• Arm 2 (context): health states in context displayed on screen-see Fig. 2 . The experimental design followed that of the DCE element of the current EQ-VT protocol [10] , in which 196 pairs of EQ-5D-5L health states were assigned to 28 blocks of seven pairs. Each respondent was randomly assigned to two blocks, thereby completing 14 DCE paired comparison tasks from the EQ-VT experimental design. The target sample size of n = 1000 (500 respondents in each arm) was determined on the basis that the number of observations per DCE pair in each arm would be the same as in EQ-5D-5L valuation studies following the EQ-VT experimental design. It is acknowledged that this study included more DCE tasks per respondent that a standard EQ-5D-5L valuation study using the EQ-VT protocol, which may lead to respondent fatigue and a reduction in response efficiency. However, it should also be noted that in the EQ-VT protocol, the DCE tasks are preceded by a series of (arguably more cognitively demanding) time trade-off tasks, which was not the case in this study. In addition, all respondents completed two further tasks involving 'fixed' pairs of health states, hand-picked specifically to address the aims of this study. Since we were interested in examining whether presenting health states in the context of the descriptive system helps respondents distinguish between the labels for adjacent levels, we included the following fixed pairs: • 33344 vs. 33355 2 (focuses on the distinction between 'severe' and 'extreme' problems with pain/discomfort and anxiety/depression-these are the only dimensions that use the 'extreme' label for level 5 problems).
• 22211 vs. 33311 (focuses on the distinction between 'slight' and 'moderate' problems with mobility, selfcare, and usual activities-chosen in order to focus on dimensions and levels other than those examined in the first fixed pair). Hence, each respondent completed 16 paired comparison tasks in total. To control for order effects, the order in which the tasks were presented within a block was randomized for each respondent. To control for potential 'left-to-right' bias [11] , the positioning of the alternatives in a given pair (i.e., which health state appeared on the left-/right-hand side) was reversed for half of the respondents. The same reversal process is used in the EQ-VT protocol.
Survey instrument
The survey was developed in collaboration with epiGenesys, a software development company. The survey comprised the following elements (in order): background/ screening questions (gender, age, device used to access survey); information sheet and informed consent; self-reported health using EQ-5D-5L and EQ-VAS; further background questions (education, illness/disability); instructions; 16 paired comparison tasks; and structured feedback/debrief questions designed to elicit additional 2 33344 describes a health state involving moderate problems with mobility, self-care and usual activities, and severe problems with pain/discomfort and anxiety/depression. 33355 describes a health state involving moderate problems with mobility, self-care and usual activities, and extreme problems with pain/discomfort and anxiety/ depression.
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Administration of survey
Data were collected from a sample of adult members of the UK general public (target sample size: n = 1000) via an online survey. All respondents were members of an online panel managed by a market research agency, Survey Sampling International. Quotas, combined with a targeted recruitment strategy, were used to ensure that the sample was representative of the general population in terms of age (stratified across four groups) and gender. Respondents were awarded 'panel points' (which can be redeemed for cash vouchers) following completion of the survey. Prior to launching the survey it was agreed that any respondents completing the entire survey in less than 2.5 min would be excluded from the sample on data quality grounds.
The survey was granted ethics approval by the Ethics Committee of the University of Sheffield's School of Health and Related Research.
Soft launch
The survey began with a 'soft launch' whereby the survey was closed after data had been collected from the first 100 respondents. The completion times, randomization procedures, and open-ended comments were checked, with no problems found, and the survey was re-opened.
Methods of analysis
We used descriptive analyses to summarize the background characteristics of the sample, both overall and by arm. In order to understand the impact of health state display on the valuation data produced by both arms, we applied a conditional logit model, clustering by respondent to account for repeat observations. This model has been widely used for the analysis of EQ-5D DCE data (e.g., Bansback et al. [12] ). The specification is shown in the equation below. As well as observing the ordering and significance of dimension levels between arms, we also assessed the distance between dimension levels and whether these varied according to arm, and tested the significance of differences between adjacent levels. In order to assess whether the models produced for each of the study arms are comparable, we used the heteroscedastic conditional logit model to test the null hypothesis that parameters are equal across arms. This provided a comparison between the whole sample (restricted model assuming that the scale does not vary) and the two arms (unrestricted where the scale is allowed to vary), which we then compared using a likelihood ratio statistic (LR). The LR is calculated as follows:
where LL R is the log likelihood of the restricted pooled model and LL U is the sum of log likelihoods for the models of the two arms. The restricted model was estimated using the clogithet Stata module [13, 14] . We tested the impact of display on the selections made by respondents in the fixed-pair tasks (which each contain a dominant option) using the Chi-squared test. Responses to feedback questions were presented descriptively. Subgroup analyses were conducted for desktop and laptop users. Statistical analyses were undertaken using STATA 13.1.
Results
Sample
Of the 1185 people who entered the survey, 67 (5.7%) declined consent, 103 (8.7%) started but did not finish, nine (0.8%) completed the survey in less than the agreed minimum cut-off time of 2.5 min, one (0.1%) was excluded because they were identified (based on an abnormality in their data) as having translated the survey and completed it in a language other than English, and 12 (1.0%) were excluded because they accessed the survey using a smartphone or tablet. This left a total of 993 respondents for analysis.
The randomization procedures generated a good spread of respondents across DCE blocks and study arms. A summary of the background characteristics of the sample and selected completion statistics is presented in Table 1 .
By design, our sample was representative of the UK general population in terms of age and gender. Differences between arms were minimal. The mean time taken to complete the survey was 12.8 min (median: 9.4, range 2.5-189.4 min, interquartile range 6.9 min), with mean time taken slightly quicker for the context arm respondents. A slight majority of respondents (57.3%; n = 569) accessed the survey through laptops, and 42.7% (n = 424) through desktops.
Selection of dominated options between study arms
A key motivation for this study was to examine whether displaying health states in context reduces logically inconsistent responses and we did this by including two fixed tasks that contained a dominated option (33344 vs. 33355 and 22211 vs. 33311).
In the fixed pair designed to examine the distinction between severe and extreme problems (33344 vs. 33355), 28.0% of the control arm respondents selected the dominated option, vs. 15.5% of the context arm respondents. The association between arm and choosing the dominated option was statistically significant (v 2 = 46.02, p \ 0.001). In the fixed pair designed to examine the distinction between slight and moderate problems (22211 vs. 33311), the proportion of respondents choosing the dominated option was similar in both arms (16.2% for control arm and 16.5% for context arm) and the association between arm and choosing the dominated option was not statistically significant (v 2 = 0.04, p = 0.850). Table 2 summarizes the main results of the conditional logit regression modeling (omitting the fixed pairs from the analysis). Coefficients were ordered as expected for both arms, apart from the ordering of MO2 and MO3 for the control arm (where an increase in the level of mobility problems led to an increase rather than a decrease in utility; however, the difference between the coefficients was not statistically significant). In the control arm, one coefficient (PD2) dod not reach statistical significance at the 5% level; all coefficients for the context arm were statistically significant. Coefficients for pain/discomfort and anxiety/depression were all larger in the context arm, whereas the self-care coefficients were all larger in the control arm. We observed that the sizes of decrements between levels were generally larger and more significant in the context arm, particularly between levels 4 and 5 across dimensions. This was especially the case for anxiety/depression, where the difference between AD4 (severely anxious or depressed) and AD5 (extremely anxious or depressed) was 0.132 for the control arm and 0.429 for the context arm. The results are presented graphically in Fig. 3 , where the diagonal dotted line represents equity in coefficients between the control and context arms. More data points lie below the dotted line (i.e., in the bottom-right half of the graph) than above it. These depict parameters with larger coefficients in the context arm than in the control arm.
Regression analysis
Testing the difference between study arms Table 3 includes the results of the heteroscedastic conditional logit model estimated on the pooled dataset, which allows for scale differences. The log likelihood statistics for the unrestricted models for the control and context arms were -4050.50 and -4089.16, respectively; this was compared with a log likelihood of -8160.66 for the restricted pooled model, which had a scale parameter of The LR followed a v 2 distribution with 19°of freedom (i.e., the difference between the number of parameters in the unrestricted and restricted models), and was equal to 42.00. This led us to reject the null hypothesis of preference homogeneity between the two arms at the 5% level of significance. This implies that the scale differed significantly between the models produced for the context and control arms.
Subgroup analysis
For the control arm, the model generated for desktop users (observations: 2828, n = 202) had no illogically ordered coefficients, though one coefficient did not reach statistical significance at the 5% level (PD2). Data from laptop users in the control arm (observations: 4018, n = 287) generated three pairs of illogically ordered coefficients-MO2 (-0.198) and MO3 (-0.098); UA2 (-0.270) and UA3 (-0.242); UA4 (-0.557) and UA5 (-0.556)-and three coefficients that were not statistically significant at the 5% level (MO3, PD2, and AD2). The model generated for desktop users assigned to the context arm (observations: 3108, n = 222) produced no logically inconsistent coefficients (all were ordered as expected); however, four coefficients were statistically insignificant at the 5% level (UA2, PD2, PD3, and AD2). For laptop users assigned to the context arm (observations: 3948, n = 282), the coefficients for PD2 (-0.427) and PD3 (-0.416) were illogically ordered, and three coefficients (SC2, UA2, and UA3) were not significant at the 5% level.
For laptop users, presenting health states in context had the effect of reducing the number of illogically ordered coefficients (and changing which specific coefficients were disordered; the number of statistically insignificant coefficients stayed the same). For desktop users, there was no impact of presenting health states in context on the ordering of coefficients (no illogically ordered coefficients in either arm), but the context arm increased the number of statistically non-significant coefficients from one to four.
Feedback
Respondents were asked a series of questions to elicit their reactions and thoughts on the tasks performed. Here we summarize the notable results. Table 4 presents the agreement among respondents with various statements presented about the tasks they undertook.
Respondents in the control arm were more likely than those in the context arm to agree that they found it difficult to tell the difference between the descriptions. The association between arm and response to this statement was statistically significant (v 2 = 12.13, p \ 0.001). The associations between arm and responses to the other three statements were not statistically significant (in all cases, p [ 0.05).
Respondents were asked how they compared health states. Responses to this question are presented in Table 5 . It appears that the presentation did not impact the thought process of how respondents chose between health states overall (as reported by the respondents themselves). MO mobility, SC self-care, UA usual activities, PD pain/discomfort, AD anxiety/depression Statistical significance is noted at the 1% level (**), the 5% level (*) and the 10% level ( # ). For the statistical significance of the 'distance from adjacent level' column, we use the p [ v 2 testing the null hypothesis that adjacent levels are equal
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Respondents were asked to consider the alternative presentation of DCE tasks [i.e., the control arm respondents were shown a DCE task with health states presented 'in context', and the context arm respondents were shown the standard (control) presentation of DCE tasks]. When asked whether the alternative format of presentation would have made the task easier overall, around 40% agreed that it would have, but this did not differ by arm.
When asked explicitly which sounded worse-'severe' problems or 'extreme' problems-67% (n = 664) indicated that extreme sounded worse (20% said severe and 13% did not know). Responses to this question did not differ by arm.
Discussion
Our study has demonstrated that presenting health states in the context of the whole descriptive system is feasible. While further questioning suggests that this made little difference to respondents' views on the ease of understanding or completing the tasks, it yielded fewer logical inconsistencies in the valuation data. This derives mainly from improvements in the context display of respondents distinguishing correctly between the labels 'severe' and 'extreme'. In addition, our modeling demonstrated that the differences between the level coefficients was larger for the context display arm, particularly between levels 4 and 5. These differences were such that the result of the heteroscedastic (restricted pooled) model identified a significant difference between the scale of the models for the two arms.
We hypothesized that the context display may affect the thought process of respondents in selecting between health states, potentially encouraging people to make a series of direct comparisons between individual dimension levels rather than considering the health states as a whole. However, in the feedback question relating to this issue, no difference in responses was observed between arms. Indeed the only significant difference in response to feedback questions across arms was that fewer people in the context arm reported finding it difficult to tell the difference between health states. Further investigation is recommended to understand how the context display affects respondents' decision-making processes-for example, whether it leads to an increased use of simplifying heuristics and failure to consider each health state as a whole. Such thought processes cannot be properly assessed using a simple retrospective question such as that used in this study.
We are aware of other experimental DCE studies in progress also considering alternative display formats [17, 18] . Further research could assess the effects of alternative formats using qualitative methods such as thinkaloud cognitive interviewing.
Implications for valuation studies and development of new descriptive systems
Our modeling produced well-ordered, statistically significant coefficients in both arms, which provides further evidence to support the use of web-based administration of DCE valuation studies. Indeed, whilst it has been shown that online TTO gives very different results compared to interviewer-assisted tasks [19] , online DCE data (without assistance) has been shown to be comparable with DCE data obtained via face-to-face interviews [20] .
The display we developed for presenting health states in context appears to work well on computer screens, but not on smaller devices. The current EQ-5D-5L valuation protocol is to use interviewer-led questionnaires presented using desktop or laptop computers. However, this may change in the future, and a possible move towards smaller devices may make it challenging to present health states in context. This requires further development and testing of the context display method. Our sub-group analysis demonstrated that the data generated by those accessing the survey on laptop computers generated some coefficients that were illogically ordered, whereas for desktop users, all coefficients were ordered as expected (in both study arms). This is difficult to interpret as we do not know whether this is driven by the device used, the environment the survey was completed in, or differences in underlying unobservable characteristics between desktop and laptop users in our sample.
Our study may open up a further avenue of exploration in the development of new descriptive systems and preference-based measures. The core objective of the EQ-5D family of instruments is to provide a concise, generic way to describe health that is accompanied by value sets. It is Statistical significance is noted at the 1% level (**), the 5% level (*), and the 10% level ( # ). In the 'distance from adjacent level' column, this represents the p [ v 2 testing the null hypothesis that adjacent levels are equal Control arm (n = 489) (%) Context arm (n = 504) (%)
I found the task difficult 26 26
I found it difficult to tell the difference between the descriptions 23 14
I found it difficult to imagine the scenarios described 27 29 The way in which the information was presented on the screen was helpful 63this need to value health states that drove the decision (or assumption) that it was necessary to develop new labels for the new version of the instrument, the EQ-5D-5L. However, if the health states under evaluation are presented in the context of the descriptive system, then health states may no longer need to be presented as a series of statements. This in turn creates the possibility of developing a descriptive system that does not require labeled levels but relies instead on the location of levels relative to each other (or can use partial labels-for example, 'no', 'moderate', and 'extreme', with intermediate, unlabeled levels). It should also be noted that our presentation of health states 'in context' demonstrates one option, which was selected to mimic as far as possible the experience of patients selfcompleting the EQ-5D to describe their own health. Alternatives could include, for example, using animation to briefly display the health states in context, before returning to the standard no-context view. This would offer the benefit of making the screen less cluttered. A simple alternative to our approach could be to maintain the current format of DCE task presentation (a list of five statements), but offer respondents the ability to see and consider the full EQ-5D questionnaire alongside the questions as they complete tasks as a visual cue-e.g., on a separate screen or physical prop. This could be a challenging to administer (particularly in web-based DCE studies) and it would be difficult for researchers to record and measure the extent to which respondents used the visual cue.
Suggested future directions for research
It is important to note that the issue of discrepancies between the way patients self-report their health and the public perform valuation tasks is not unique to the EQ-5D, but equally applies to other generic or condition specific preference-based measures (for example SF-6D [4] ). Therefore, the results of this research could be considered to be broadly applicable to many preferencebased measures, for which similar research could be carried out.
This pilot study has demonstrated the feasibility of presenting health states in context and the positive impact this has on obtaining logically consistent valuation data for the English language version of the EQ-5D-5L. It would be worthwhile to extend the study to other language contexts for which we know that similar problems with preference inversions have arisen, such as (Brazilian) Portuguese. Given that preference inversion issues are also reported for TTO valuation (see [15] ), where health states are presented one by one rather than in pairs, there is potentially more to be gained by repeating the study for TTO, which continues to be an important method for valuing health [21] . Further research to better understand the issue of logical inconsistencies may also be worthwhile; whereas the 'in context' presentation of health states led to half the number of respondents rating 'severe' worse than 'extreme' for pain/discomfort and anxiety/depression, 15% of respondents in the context arm still gave this seemingly illogical response. Further research could test whether similar results are observed for other health state pairs of interest, including pairs with even more 'obviously dominant' options. It may be that some degree of error or noise is inevitable in this kind of stated preference research, and that innovations such as the context display can help to reduce it but cannot eliminate it altogether. Context arm (n = 504) (%) I imagined living with all of the problems described in A (as a whole), and living with all of the problems described in B (as a whole) 27 28
For each aspect of health (e.g., pain/discomfort), I compared how bad the problems were in A and B, one aspect at a time 55 53
Neither of these 7 7
Both of these 12 12
